Prevention of doxorubicin-induced damage to rat heart myocytes by arginine analog nitric oxide synthase inhibitors and their enantiomers.
The clinical use of the widely used anticancer drug doxorubicin is limited by a dose-dependent cardiotoxicity. Doxorubicin can be reduced to its semiquinone free radical form by nitric oxide synthases (NOS). The release of lactate dehydrogenase (LDH) from doxorubicin-treated neonatal cardiac rat myocytes was used as a model of doxorubicin-induced cardiotoxicity. The NOS inhibitors N(G)-nitro-L-arginine methyl ester (L-NAME) and N(G)-monomethyl-L-arginine (L-NMMA) protected myocytes from doxorubicin as did their non-inhibitory enantiomers D-NAME and D-NMMA. Thus, these agents did not protect by inhibiting NOS. L-NAME, which does not act at the reductase domain of NOS, also had no effect on the production of the doxorubicin semiquinone by myocytes. Nitric oxide (NO) EPR spin trapping experiments showed that L-NAME reacted with various biological reducing agents to produce NO. Ascorbic acid was highly effective in reacting with L-NAME to produce NO, while glutathione, NADPH, and NADH were much less effective. Thus, these guanadino-substituted analogs of L-arginine likely protected through their ability to slowly produce NO by reaction with intracellular ascorbic acid. Thus, some caution must be exercised in their use. NO may exert its protective effects either by directly acting as an antioxidant or through some other NO-dependent pathway.